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ABSTRACT 


Electrical characteristics of thin (100- and 140-micron) Westinghouse 
dendritic-web N/P silicon solar cells are presented in graphical and tabular 
format as a function of solar illumination intensity and temperature. Per- 
formance is also sho< i as a function of solar illumination angle of incidence 
for AMO. 
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SECTION I 


INTRODUCTION 


The JPL Publication 78-15 series presents parametric characterization data 
on state-of-the-art and developmental solar cells of interest to the space photo- 
voltaic community. These cells have all been developed specifically for use in 
the space environment. The reports in this series consist primarily of working 
graphs and tables that allow convenient descriptions of the cells* behavior as a 
function of temperature and illumination intensity variations. 

In recent years, JPL has examined the possibility of using some of the 
results of the terrestrial photovoltaic energy development programs for space 
applications (Ref. 1). An example is the use of low-cost technology for a very 
large power system, such as that required for a space station. As part of those 
studies, low-cost terrestrial cells were evaluated for their performance under 
various space-type tests such as power output, temperature cycling, and radiation. 

Based on these test results, one of the more promising cell types for 
space use was the dendritic-web cell (Ref. 2). In view of this, it was felt that 
a temperature-intensity performance characterization would be useful for those 
who wished to do a more complete analysis of the cell’s performance under space 
array operating conditions. In addition, the determination of cell output as 
a function of illumination incident angle was made to establish whether or not 
anomalous behavior would result from the unique AR coating method employed in 
fabrication of the dendritic-web cell (see Section II) . 

Since the web cells are grown directly to a final thickness, eliminating the 
costly material removal steps required for conventional space cell fabrication, and 
since there is a trend toward thinner space cells for reasons of mass reduction and 
improved radiation behavior, it was decided to examine web cells thinner than those 
normally used in terrestrial work. Although a nominal thickness of 0.005 cm was de- 
sired, It was necessary to use somewhat thicker samples to avoid any additional 
process development. 

SECTION II 
CELL DESCRIPTION 


The cells reported here were manufactured by Westinghouse Electric Corpora- 
tion as part of their low-cost terrestrial array development program. These cells 
are fabricated from dendritic-web, P-type silicon, boron-doped to a nominal resis- 
tivity of 4 ohm-cm. The cell dimensions are 2 x 2.5 cm, and were divided into two 
thickness groups of six cells each, one nominally 0,010 cm and the ocher 0.014 cm, 
to determine any thickness-dependent behavior. A conventional gaseous phosphorous 
diffusion is used to form the junction, and a back surface field is formed by 
diffusion from a surface layer of %aked-on" boron dopant from a liquid source. 

The top surface electrical contact consists of Ti-Pd-Cu in a fan-shaped grid 
pattern with interconnecting pads at 1.2-cm intervals spaced along the length of 


one side. The rear has a full-coverage contact of the same material. The cell 
AR coating is formed by heating after immersion in a liquid source. Since the 
basic cell size fabricated by Westinghouse is approximately 2.5 * 9.8 cm, the 
long strips were diced by Westinghouse to the smaller 2- x 2.5-cm size required 
for the JPL test fixture. 


SECTION III 
TEST PROGRAM 


The solar cells were mounted on a copper test plate using RTV 560. The 
test plate was in turn mounted to a heat sink with provisions for both heating 
and cooling so that the cells could be maintained at the desired temperature 
independent of the solar intensity. All testing was carried out in a vacuum at 
a pressure of less than 1 * 10 - ^ torr. 


The illumination source used was a Spectrolab Model X-25 Mark II Spectrosun 
filtered solar simulator. This simulator uses an optical integrator lens in the 
optical system which uniformly distributes a short-arc xenon lamp. A system of 
filters modifies the spectral distribution so that it approximates that of space 
sunlight. The light beam provides a pattern having a uniformity of +1% over an 
area of 225 cm^ at the test plane. Illumination intensity is varied by the 
position of the simulator in combination with transmission filters. The solar 
simulator beam is introduced into the vacuum chamber through a window of 7940 
fused silica. The solar intensity and spectral integrity of the solar simulator 
are constantly monitored and maintained using space calibrated standard cells 
obtained with the NASA/JPL solar cell balloon flight standardization program. 
Photographs of the solar cell, the assembled plate, and the experimental char- 
acterization test facility are shown in Figures A-l through A- 4 in the appendix. 


The temperature range covered in these measurements was -70 to 75°C while 
the solar intensity range covered was 10 to 135.2 mW/cm^. The data were taken 
at each environment point in the matrix in the form of an I-V curve* The 
appropriate parameters were then read from the I.-V curves and punched on cards 
for the computer analysis and curve plotting functions. The cell temperature was 
monitored by a thermocouple attached to the surface of a separate cell mounted 
with the cells under test* Prior, intermediate, and posttest ambient measure- 
ments were performed daily to ensure that the accuracy and stability of the test 
equipment and the test specimens themselves were maintained within ±2% during 
the course of the testing program. 


Angle-of-incidence measurements were obtained using a Spectrolab large- 
area pulsed xenon simulator under ambient conditions, with correction to AMO, 
28°C conditions, through use of an appropriate space-calibrated standard cell. 
The test-plate-to-simulator distance was sufficient for an intensity variation 
of less than ±1% from front to rear of the test plate at maximum rotation. 
Averaging of cell data further eliminated any significant source of discrepancy. 
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SECTION IV 
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DISCUSSION OF RESULTS 


A computer program calculated statistical averages and standard deviations 
with respect to the measured cells for each intensity-temperature measurement 
condition. It then produced summary tables: Tables 1 through 7 for nominal 100- 

pm-thick cells and Tables 8 through 14 for nominal 140-pm-thick cells. These 
tables display averages and standard deviations of the cell characteristics in a 
two-dimensional array format, one dimension representing cell temperature and 
the other representing incoming light intensity (AMO spectrum) . The program 
then produced plots of the various electrical parameters of interest, with either 
incident intensity or cell temperature as the independent variable, as shown in 
Figures 1 through 18 for the thinner cells and Figures 19 through 36 for the 
thicker. Least square fits to the data points were then made auto' atlcally to 
the measured data points using a second-degree polynomial for most parameters. 

The V oc and V mp data points were fit with a linear equation. The curve factors 
and AMO efficiencies were not fit but were Interconnected from point to point. 

In addition, the program calculated the temperature coefficients of the pertinent 
cell electrical parameters of interest, using the aforementioned curve fit*, and 
plotted these as a function of temperature, with intensity as a parameter, 
shown in Figures 15 through 18 and Figures 33 through 36 for thinner and thicker 
cell sizes, respectively. 

The figures are intended to be working artifacts; that is, they are for- 
matted to supply Information of a general nature or to generate such working tools 
as predictions, comparisons, and computer input data. To facilitate comparisons 
and inputting, all units are standardized as follows: 

2 

(1) All currents are In units of mA/cm . 

(2) All voltages are in units of mV. 

2 

(3) All power outputs are in units of mW/cm . 

(4) All curve factors are in dimensionless units. 

(5) All efficiencies are in percentages and are based on total cell 

area. 

(6) All temperatures are in °C. 

2 

(7) All incoming intensities are in units of mW/cm and are represen- 
tative of an AMO spectrum. 

(8) All geometric dimensions are in units of cm or pm (whichever is 
more convenient conceptually). 

The tables included in this report contain complete numerical information 
with respect to the average values of the following solar cell electrical param- 
eters: I sc , V oc , I mp , V mp , P max , CF, and efficiency at each intensity-temperature 

combination. For each such parameter at each intensity-temperature combination, 
the standard deviation is presented to provide estimates of statistical validity. 
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All efficiency, current', and power output: data are on the basl* of unit area 
derived by dividing measured output by total cell area. 

Review of the cell data shows the thinner cell group to have higher per- 
formance than the thicker. This is not felt to be a true characteristic of the 
web-grown cell, but rather an artifact — the result of the limited sample sizes 
and the still evolving terrestrial cell production process. Error limits for 
the data partially reflect this condition, and are, in general, greater than 
those normally obtained for the cells characterized and described in the JPL 
78-15 series. There Is certainly a greater nonunlf orinity from cell to cell 
than normally observed, and, in some cases, it can be traceable in part to such 
observable cell characteristics as grid line discontinuities and edge chipping. 
These discrepancies, although understandable in terms of the low-cost processing 
approach development, would require additional, limits before the application to 
space could be considered viable. 

The output as a function of illumination angle of incidence is shown in 
Figure 37 for both maximum power and short-circuit current. The data are 
presented as the average of all thicknesses, since thickness was not considered 
an influence -w this behavior. An analysis of a single thick and a single thin 
cell selected at random from the group displayed the same angular relation- 
ships, verifying the use of the overall average. The data are quite consistent 
with a number of prior evaluations on conventional cells, indicating that the 
use of the dip AR coating dees not introduce any anomalous behavior in this 
respect . 


Although not intended to satisfy all concerns regarding the space 
applicability of the terrestrial dendritic-web solar cell, the peri.ormance data 
presented here indicate a level of process maturity that should encourage con- 
sideration and analysis of such cells for space applications that could benefit 
from any significant cost reductions ultimately derived from a successful 
terrestrial cell process development, 
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Figure 3. Average I /cm as a Function of Temperature 
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Figure 6, Average Curve Factor as a Function of Temperature 
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Figure 9. Average V qc as a Function of Intensity 
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Figure 13* Average Curve Factor as a Function of Intensity 
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Figure 16. V qc Temperature Coefficient 
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Figure 17. Absolute P ^ Temperature Coefficient 
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Figure 18. Percent P Temperature Coefficient 






Table 1. Average Short-Circuit Current 


wEariNBHOUse n/p solar ecus 
dendritic neb silicon material 
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COPPER CONTACTS, PAN PATTERN 
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NO C0VER0LA88 

SAMPLE SUE A PLATE P8»J 
CELL TEMP, SOLAR INTENSITY (HM/CM*«2) 


C DEC i 

. C) 
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30,00 
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70,00 
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•TOi 

■ 00 

<•32 

f.u 

11,64 

16.46 

13,10 


.00 

(.03) 

(.16) 

(•26) 

(.43) 

(.53) 

1 

2,15 

7.65 

12,63 

16,12 
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Hi 
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(.32) 

(.30) 

(,5*> 

2,5T 

T 1 62 
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95, 
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T5, 
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(.08) 
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(.08) 

(.27) 

(•34) 

(.31) 

(.56) 
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solar 
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(DEG 
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• 09 
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768.75 

771 
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Table 3. Average Maximum Power Current 


CELL TEMP, 


westinohouoe N/P |0LAP cells 
dendritic neb silicon MATERIAL 
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COPPER CONTACTS# FAn PATTERN 
LIQUID D!<* AR COATING 
NO C0VERGLA8S 

SAMPLE SIZE 6 PLATE PS-3 
SOLAR INTENSITY (HM/CHm?) 


(DCS. C) 

o 

o 

o 

30.00 

50,00 

70,00 

100,00 

135,30 

•70.00 

1.96 

6.33 

10,59 

14,82 

21,23 

29,26 


(.20) 

(.51) 

(.69) 

(1.25) 

(l.«3) 

(1.70) 

.00 

2.12 

6,77 

11.37 

16,49 

23.42 

31.93 


(.17) 

(.44) 

(.36) 

(.63) 

(.63) 
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25.00 

2.10 
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11.72 

16. 5S 

23.94 
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(.13) 

(.44) 

( .54) 

(.49) 

(.94) 

(.93) 

55.00 

2.11 

6.64 

11.69 

16.45 
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(.11) 

(.32) 

(.47) 
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2. IT 

6.62 
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16.46 

23.ee 

32.03 
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Table 4. Average Maximum Power Voltage 
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sample size a plate pso 

SOLAR INTENSITY <MW/CH*«2) 


(0EG. C) 
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•70.00 

STI.OT 

633.37 
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603,22 

696,55 
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(56. 11) 
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(9.73) 

(0.19) 

.00 

«41,S« 

090,13 
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329.77 

533,22 
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(31,35) 

(15.17) 
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(13.42) 

(13.56) 
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<*07 , IT 

446,60 
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473.70 

476,13 

491,00 


(42,35) 

(10.13) 

(6.39) 

(9,99) 

(11.21) 

(12.17) 

35,00 

326.17 

373,92 

395,38 

410.13 

419,83 

426.77 


(17,07) 

(12.62) 

(6,58) 

(10.24) 

(12.70) 

(13.31) 

TS.OO 

sso.as 

332,30 

355,20 

366,62 

371,97 

305,86 


( l A , 0 1 ) 

(12.63) 

(9,21) 

(11.36) 

(13,06) 

(17.70) 
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dendritic neb silicon material 

m,s i o.oie ck 

COMER CONTACTS, PAn PATTERN 
LIQUID OlR AR COATlNS 
NO eOVIRQLASS 

SAMPLE '4 1 If S ELATE »}•} 


CELL TEMP. 


solar 

intensity 

(NM/CH*«2) 

(DEG. e) 

10.00 

30,00 

30,00 

70,00 

100.00 

•70.00 

Ult 

0.03 

7.06 

10.12 

14.31 


(.22) 

(.62) 

(.62) 

(.96) 

(1.11) 

• 00 

.99 

3.38 

3,99 

6,70 

12.49 


(.10) 

(.32) 

(.39) 

(.02) 

(.*9) 

23.00 

.66 

3.03 

6.01 

7.66 

11.03 

S3 .00 

(.09) 

(.26) 

(.32) 

(.33) 

(.37) 

.69 

*•*7 

0,62 

6,73 

9,93 

73.00 

(.07) 

(.20) 

(.27) 

(.26) 

(.30) 

.61 

2.27 

0.12 

6,03 

6,69 


(.07) 

(.16) 

(.23) 

(.26) 

(.09) 


139,30 

20.36 
(1.29) 

IT. 37 
(.60) 
13.78 
(. 61 ) 
13,73 
(. 79 ) 

12.36 
(.72) 


NOTE | standard deviations are given in parentheses. 




Table 6. Average Curve Factor 


WCSTINQHOUie N/P |0U* CEILS 
OCNOPITlC WEB SILICON MATERIAL 
I * 1,3 * 0,010 CM 
COPPER COMTACTOf P*N PA77ERN 
LlOUTO QXP AO COATING 

no eoveoeiABi 

•ample silt a plate pa«s 


CELL TEMP. BOLAO INTENBJTT (HW/CMpps) 


COCO* C) 

to*oo 

30.00 

90,00 

70,00 

100.00 

139,30 

■70*00 

.6970 

.7646 

.7942 

.0110 

.0227 

.0341 


(.0929) 

(.0930) 

(,0732) 

(•0991) 

(.0420) 

(.0337) 

• 00 

,6720 

,7474 

.7691 

,7000 

.7019 

.7007 


(.0669) 

(•0412) 

(.0*77) 

(.0193) 

(.0143) 

(.0190) 

29,00 

• 6B JT 

• 7269 

,7401 

.7976 

.7616 

.7696 


(.0709) 

(.0209) 

(.0100) 

(.0190) 

(.0126) 

(.0120) 

99.00 

• 6224 

.6932 

,7161 

.7269 

.7323 

.7337 


( ,01)2) 

(•0200) 

(.0144) 

(.0123} 

(.0163) 

(.0209) 

79.00 

.6000 

.6664 

,6004 

.7014 

,7062 

.7070 


(.0029) 

(.0191) 

(.0141) 

(.0110) 

(.0193) 

(.0203) 


NOTE I STANDARD DEVIATIONS APE GIVEN IN PARENTHESES, 
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,40-pm-THICK CELLS 


l 

) 
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SHORT CIRCUIT CURRENT, mA/cm 


F — 



ID 


WES 


1 NGHOUSE N/ 


A 10.0 

B 30.0 

C 50.0 

D ro.o 

E 100.0 

F 135.3 


DENDRITIC WEB S 
2 X 2.5 X 0.014 
COPPER CONTACTS 
LIQUID DIP AR C 
NO C0VER6LASS 
SAMPLE SIZE 6 




OPEN CIRCUIT VOLTAGE 



ID mV/o> 2 

A 10.0 

B 30.0 

C 50.0 

D 70.0 

E 100.0 

P 135.3 


VEST INQHOUSE N/ 
DENDRITIC VE8 S 
2 X 2.5 X 0.014 
COPPER CONTACTS 
LIQUID DIP AR C 
NO C0VER6LASS 
SAMPLE SIZE 6 



TEMPERATURE, T 


ID mW/cra^ 

A 10.0 

B 30.0 

C 50.0 

D 70.0 

E 100.0 

F 135.3 


WEST l NGHOUSE N/P SOLAR CELLS 
DENDRITIC WEB SILICON MATERIAL 
2 X 2.5 X 0.014 CM 
COPPER CONTACTS* FAN PATTERN 
LIQUID DIP AR COATING 
NO COVERGLASS 

SAMPLE SIZE 6 PLATE PS-3 


Figure 21. 


Average I 


/cm 


as a 


Function of Temperature 






mW/cm^ 

10.0 

30.0 

50.0 
70. C 

100.0 

135.3 


TEMPERATURE, V C 

WEST INGHOUSE N/P SOLAR CELLS 
DENDRITIC WEB SILICON MATERIAL 
2 X 2.5 X 0.014 CM 
COPPER CONTACTS, FAN PATTERN 
LIQUID DIP AR COAT I N6 
NO C0VER6LASS 

SAMPLE SIZE 6 PLATE PS-3 


Figure 22. Average V as a Function of Temperature 




2 

ID mW/cm 

A 10,0 

3 30 * 0 

C 50.0 

D 70.0 

£ 100.0 

f 135.3 


TEMPERATURE, V C 

WEST I NOHOUSE N/P SOLAR CELLS 
DENDRITIC WEB SILICON MATERIAL 
2 X 2.5 X 0,014 CM 
COPPER CONTACTS, FAN PATTERN 
LIQUID DIP AR COATING 
NO COVERGLASS 

SAMPLE SIZE 6 PLATE PS-3 


2 

Figure 23. Average P /cm as a Function of Temperature 




‘”120 -80 


ID ml/cm 2 

A 10. 0 

6 30.0 

C 50.0 

0 70.0 

E 100.0 

F 135.3 


-40 0 40 80 120 

TEMPERATURE, °C 

VEST! NGHOUSE N/P SOLAR CELLS 
DENDRITIC WEB SILICON MATERIAL 
2 X 2.5 X 0.014 CM 
COPPER CONTACTS, FAN PATTERN 
LIQUID DIP AR COATING 
NO COVERGLASS 

SAMPLE SIZE 6 PLATE PS-3 


Figure 24. Average Curve Factor as a Function of Temperature 
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WEST 1 NGHOUSE N/i 

0 

DENDRITIC WEB S 

0 

2 X 2.5 X 0.014 

0 

COPPER CONTACTS 

0 

ft 

LIQUID DIP AR C 

U 

3 

NO COVERGLASS 
SAMPLE SIZE 6 







SHORT CIRCUIT CURRENT, mA/cm 







SOLAR INTENSITY, mW/cm c 


% 

-70,0 

.0 

25.0 

55.0 

75.0 


•EST I NGHOUSE N/P SOLAR CELLS 
DENDRITIC WEB SILICON MATERIAL 
l X 2,5 X 0.014 CM 
COPPER CONTACTS, FAN PATTERN 
UOUtD DIP AR COAT I NO 
NO COVEHOLASS 

SAMPLE SHE 8 PLATE PS-3 


Figure 27. Average V„ as a Function of Intensity 



— E 

"VO 


0 


A 


0 % 

A -70.0 

B .0 

C 25.0 

D 55.0 

E 75.0 


SOLAR INTENSITY, 


160 

mW/cm^ 


200 


IEST I NGHOUSE N/P SOLAR CELLS 
DENDRITIC WEB SILICON MATERIAL 
2 X 2.5 X 0.014 CM 
COPPER CONTACTS, FAN PATTERN 
LIQUID OIP AR COAT t NO 
NO COVERGLASS 

SAMPLE SIZE 6 PLATE PS-3 


2 

Figure 28* Average I /cm as a Function of Intensity 



WEST! 
DENDR 
2X2 
COPPE 1 
LIOUII 
NO CO 
SAMPLI 




MAXIMUM POWER, mW/cm 




NGHOUSE N/P S 
IITIC WEB SUi 
*5 X 0.014 CM 
R CONTACTS, F 
D DIP AR COAT 
VER61ASS 
E SIZE 6 PL 






EFFICIENCY, PERCENT 




TEMPERATURE COEFFICIENT, mA/cmV u C 











TEMPERATURE COEFFICIENT 












Table 8. Average Short-Circuit Current 


WEOTINGHOUSE N/P SOLAR CELLS 

dendritic neb silicon material 

2 X 2,9 X 0,0)4 CH 
COPPER CONTACTS# PAN PATTERN 
LIQUID DIP AR COATING 
NO C0VERGLA88 




SAMPLE 

SIZE 6 

PLATE 

P8a>3 


CELL TEMP, 


SOLAR 

INTENSITY 

(MH/CM**2) 


(DEG, C) 

to, 00 

30,00 

50,00 

70,00 

100,00 

135.30 

■70.00 

2.27 

6. St 

11.32 

i«.7l 

21. 9S 

30,12 


(.08) 

(•14) 

(•22) 

(.41) 

(.46) 

(.60) 

,00 

2,43 

7,26 

12.15 

17.22 

24,33 

33.33 


(.06) 

C;23) 

(.29) 

(.57) 

(.66) 

(.86) 

25.00 

2. 47 

7.47 

12.67 

17.51 

24,69 

33.76 


(.06) 

(.23) 

(.36) 

(.61) 

(1.00) 

(1.00) 

55,00 

2.53 

7.64 

12,74 

17.61 

2S.SS 

34,34 


(.07) 

(.24) 

(.34) 

(.60) 

(.91) 

(1.03) 

75.00 

2.57 

7.71 

12.96 

1«.17 

26,02 

34.97 


(.06) 

(.24) 

(.36) 

(.56) 

(.92) 

(1.04) 


NOTE | STANDARD DEVIATIONS ARE GIVEN IN PARENTHESES, 
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Table 9. Average Open-Circuit Voltage 


WESTINGH0U8E N/P SOLAR CELLS 

OENDRXTIC WEB silicon material 

2 X 2,3 t 0,014 CM 
COPPER CONTACTS, FAn PATTERN 
LIQUID DIP AR COATING 
NO COVERGLA8S 

SAMPLE SHE 6 PLATE PS«3 


CELL TEMP, SOLAR INTENSITY (HM/CH*p2) 


(DEG. C) 

10.00 

30,00 

50,00 

70,00 

100,00 

135,30 

•TO. 00 

bST.OO 

731.97 

74«,58 

756,06 

762,27 

772,48 


(ST, St) 

(16.44) 

(11.34) 

(11.81) 

(11.73) 

(12.44) 

.00 

S29.93 

582,18 

600,27 

611.02 

621,72 

631,15 


(2^,68) 

(12.65) 

(12.79) 

(12.48) 

(12,20) 

(11.52) 

29.00 

476.17 

528.05 

509,95 

558,62 

569.63 

578,46 


(19.89) 

(13. OT) 

(11,43) 

(12.19) 

(11.12) 

(10.45) 

55.00 

410.52 

462,82 

461,18 

493,72 

507.02 

516,87 


(17,36) 

(12. TT) 

(11.69) 

(11.12) 

(10.06) 

(6,79) 

T5.00 

365, 13 

4)6.78 

437,80 

451.16 

464,08 

476.06 


(16,0«) 

(12.64) 

(11.06) 

(10.26) 

(9.45) 

(7.80) 


NOTE I STANDARD DEVIATIONS ARE GIVEN IN PARENTHESES. 
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Table 10. Average Maximum Power Current 


NE8TXNQH0USE N/P $0tAR CELLS 
dendritic neb silicon MATERIAL 

t V 8*5 X 0,016 CM 
COPPER CONTACTS* PAN PATTERN 
LXOUIO DIP AR COATING 
NO C0VER0LAS8 

SAMPLE SIZE b PLATE PB«3 


CELL 

TEMP, 


solar 

INTENSITY 

(MN/CM**2) 


(QEQ 

• C) 

10,00 

30«00 

90,00 

70,00 

100.00 

139,30 

•TO 

• 00 

1.01 

9,70 

’. T9 

13. bl 

19,71 

26,92 



(.21) 

(.GO) 

(.«T> 

(.79) 

(1.26) 

(1.69) 


• 00 

1.96 

b ,2b 

10.77 

19.33 

22.26 

30,26 

19 

*00 

(.12) 

(*•2) 

(iTl) 

(1.19) 

(1.29) 

(l»b A ) 

2.01 

b,36 

11.17 

19. b« 

22,72 

30, T6 

95 

• 00 

(.13) 

(.63) 

(•77) 

(.93) 

(1.26) 

(1.26) 

2.02 

b.9i 

11.22 

iS.bfl 

23.03 

30,77 

75 

• 00 

(.19) 

(.39) 

(.97) 

(.79) 

(1.06) 

(1.03) 

2.06 

b,99 

11. IS 

19.63 

23,21 

31,06 



(.13) 

(.31) 

( i6b) 

(.67) 

(.60) 

(1.13) 


NOTE* STANDARD DEVIATIONS ARE GIVEN IN PARENTHESES* 



Table 11. Average Maximum Power Voltage 








ME07INGHQU9E N/P 0OLAR CELLS 
OE NOR I TIC HE9 9U.ICQN MATERIAL 
8 * 2,5 * 0,014 CM 
COPPER C0NTACT9# P*N PATTERN 
LlOUlO DIP AR CQAylNO 
NO e0VER0LA99 

SAMPLE SIZE 6 PLATE PS-3 
CELL TEMP, SOLAR INTENSITY (MW/CMM2) 


(DEG. C) 

10.00 

30,00 

50.00 

70,00 

100,00 

135,30 

•70.00 

525,97 

622.9J 

650,65 

674,92 

679,47 

703,23 


(97. Oi) 

(92,96) 

(64*55) 

(39,25) 

(16,29) 

(9,74) 

,00 

016.IT 

#97. 22 

511,13 

520.00 

531,17 

540,57 


(50,00) 

(25.64) 

(13. #1) 

(12.92) 

(10,55) 

(13.36) 

25.00 

165,05 

#39,23 

463,63 

472,56 

477,35 

409,43 


07.64) 

(15,07) 

(13*19) 

(11,31) 

(16,03) 

(10. 2T) 

25.00 

310.72 

371,07 

391,93 

400.49 

414,66 

426,63 


(26,16) 

(10.07) 

(13*10) 

(13.21) 

(15,62) 

(9.96) 

T5.00 

271,99 

327,15 

351,52 

365,00 

370,27 

304,13 


(20,22) 

(10.76) 

(12*54) 

(11.35) 

(11.50) 

(11.74) 


NOTE I STANDARD DEVIATIONS are given in parentheses. 
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Table 12. Average Maximum Power 


ME8TINGH0U8E N/P SOLAR CELLS 

dendritic neb silicon material 

2 * 8,5 X 0,0)0 CM 
COPPER CONTACTS, pan PATTERN 
LIQUID DIP AR COATING 
NO C0VER6LA88 

SAMPLE SIZE 6 PLATE P8.3 


CELL TEMP. 
(DEG. C) 

10,00 

•TO. 00 

.90 

• 00 

(.15) 

.83 

25.00 

(.13) 

.70 

55.00 

(.10) 

.83 

75.00 

(.09) 

.36 


(.07) 


solar intensity 


30,00 

30,00 

3.50 

8.38 

(.98) 

(.77) 

3.06 

5.51 

(.32) 

(.07) 

2.81 

5,18 

(.26) 

(.on 

2.03 

0,00 

(.19) 

(.28) 

2.10 

5.93 

(.16) 

(.23) 


CHW/CH***) 

70,00 100,0 

9.21 13.3 

(•98) (1,08! 

8. 10 11.83 

(.63) (.71) 

7.39 10. 8« j 

(.51) (.62) i 

8,01 9,35 1 

(.00) (,5i) | 

5,79 8,60 | 

(.30) (.05! 


NOTE | STANDARD DEVIATIONS ARE GIVEN IN PARENTHESES, 









Table 13. Average Curve Factor 


ME8TINOHOU0E N/P SOLAR CELLS 
DENDRITIC WEB SILICON MATERIAL 
2 » 1,5 X 0,014 CM 
COPPER CONTACTS, PAN PATTERN 
LIQUID DIP AN COATING 
NO eOVERGLASS 

SAMPLE SIZE 6 PLATE pso 


CELL TEMP, SOLAR INTENSITY (Mn/CM**2) 


fOEG, C) 

o 

o 

m 

O 

30,00 

50,00 

70,00 

100.00 

135,30 

■TO. 00 

,0243 

.7114 

,7534 

,7T64 

.6011 

.6144 


(.0704) 

(.0954) 

(.0972) 

(.0654) 

(.0723) 

(.0643) 

,00 

.0402 

.7229 

,7552 

,7693 

,7623 

.7692 


e ,079i) 

(.0690) 

(.0351) 

(.0445) 

(.0326) 

(.0249) 

25,00 

,6240 

.7114 

.7432 

.7596 

,7645 

.7696 


( ,0629) 

(.0565) 

(.0410) 

(.0313) 

(.0224) 

(.0167) 

55,00 

.6063 

.6678 

,7145 

.7261 

.7359 

,7397 


(.0573) 

(.0004) 

(.0277) 

(.0226) 

(.0174) 

(.0144) 

75,00 

.5922 

.6670 

.6926 

,7064 

.7117 

.7165 


(.0504) 

(.0103) 

(.0215) 

(.0162) 

(.0132) 

(.0149) 


NOTE! STANDARD DEVIATIONS ARE GIVEN IN PARENTHESES, 
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Table 14. Average AMO Efficiency 


WE8TXN6HOU8E N/P SOLAR CELLS 
DENDRITIC ME6 SILICON MATERIAL 
I U,n 0,014 CM 
COPPER CONTACTS, PAN PATTERN 
liquio DIP AR COATlNO 
NO COVEROLASS 




sample 

SIZE 6 

PLATE 

PS«3 


ell tchp. 


solar 

INTENSITY 

(MH/CM«*2) 


(DEG, C) 

o 

o 

o 

30,00 

50,00 

70,(0 

J00,00 

135.30 

•T0,00 

9*42 

11.61 

12,73 

13.15 

13.39 

13,99 


U.49) 

(1.59) 

(1.54) 

(1.3/) 

(1.06) 

(.99) 

• 00 

8,27 

10.19 

11,02 

11.57 

11.83 

12.27 


(1.32) 

(1.06) 

(.93) 

(.69) 

(,71) 

(.61) 

25*00 

7*36 

9.35 

10,36 

10,56 

10,64 

11.12 


(1.04) 

(.88) 

(.62) 

(.73) 

(.62) 

(.50) 

55*00 

6.31 

8,10 

6,80 

9,15 

9.55 

9,70 


( *88) 

(.65) 

t .37) 

(.57) 

(.31) 

(.41) 

75,00 

5,57 

T* 15 

7,86 

6,26 

6,60 

8,62 


(.71) 

(.52) 

(.43) 

(.46) 

(,«5) 

(.37) 


NOTE| STANDARD DEVIATIONS ARE GlVtN IN PARENTHESES. 
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